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FOREWORD 


This  report  was  initiated  by  the  Equipment  Development  Branch  (SEMHD),  Delivery  and 
Retrieval  Division,  Directorate  of  Crew  and  AGE  Subsystems  Engineering  of  the  Systems 
Engineering  Group,  Wright-Patterson  Air  Force  Base,  Ohio.  This  organization  and  the  Air 
Force  Flight  Dynamics  Laboratory  (FDFM)  monitored  the  test  program.  Lt.  Alex  V.  Wolfe 
(SEMHD)  was  the  officer  in  charge  of  the  tests  and  Mr.  Maurice  E.  Peters  (FDFM)  was  the 
test  engineer.  The  Deputy  of  Limited  War  (ASJT)  of  the  Aeronautical-Systems  Division 
provided  the  test  authority.  The  effort  was  conducted  under  Project  1559,  “Limited/SAW  Test 
and  Evaluation.” 

The  tests  were  conducted  in  the  Landing  Gear  Test  Facility  of  the  Air  Force  Flight 
Dynamics  Laboratory  at  Wright-Patterson  AFB,  Ohio,  between  23  January  1967  and  6  March 
1967.  This  report  was  submitted  by  the  authors  November  1967. 

The  E.W.  Blisc  Company  loaned  the  sintered  metal  brakes  to  the  Air  Force  for  the  tests 
and  provided  technical  assistance,  both  at  no  cost  to  the  Government. 


This  technical  report  has  been  reviewed  and  is  approved. 


1/ yfi  Art*********-' 

WARREN  P.  SHEPARDSON 
Chief,  Delivery  and  Retrieval  Division 
Directorate  of  Crew  and  AGE  Subsystems 
Engineering 
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ABSTRACT 


This  report  presents  the  results  of  a  comparison  test  between  a  conventional  B-52  disk 
brake  and  a  newly  developed  sintered  metal  brake.  The  conventional  B-52  brake,  with 
cerametallic  linings,  is  currently  used  on  the  B-52  aircraft  and  on  the  BAK-9  and  BAK-12 
aircraft  arresting  systems.  The  newly  developed  brake  has  sintered  metal  brake  linings  and 
is  designed  for  the  same  applications  as  the  conventional  brake. 

The  objective  of  the  test  program  was  to  compare  the  useful  life  and  operating-character¬ 
istics  of  the  conventional  brake  with  that  of  the  sintered  metal  brake  under  conditions  of 
simulated  arrestments.  The  laboratory  controlled  conditions  simulated  a  BAK-12  arrestment 
of  a  35,000-pound  aircraft  at  a  speed  of  150  knots. 

The  conventional  brake  yielded  a  useful  life  of  166  arrestments  and  the  sintered  metal 
brake  had  a  life  of  427  arrestments.  The  coefficients  of  friction  for  both  brakes  remained 
relatively  constant  throughout  the  test  program. 
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SECTION  I 
INTRODUCTION 


A  test  program  was  initiated  to  compare  the  useful  life  and  operational  characteristics 
of  a  conventional  B-52  disk  brake  with  those  of  a  newly  developed,  sintered  metal  brake  when, 
used  on  the  BAK-12  arresting  system.  The  conventional  brake  was  made  by  the  Bendix 
Corporation  and  the  newly  developed  brake  was  made  by  the  E.W.  Bliss  Company.  Currently, 
the  conventional  brake  is  used  on  the  B-52  aircraft  and  on  the  BAK-9  and  BAK-12  arresting 
systems.  The  newly  designed  brake  was  developed  for  the  same  applications  as  the  conventional 
brake.  The  genial  configuration  for  both  brakes  is  shown  in  Figure  1.  The  BAK-12  portable 
arresting  system  is  shown  in  Figure  2. 

The  Bendix  disk  brake  utilizes  cerametallic  linings.  It  consists  of  four  key-driven  seg¬ 
mented  steel  rotors,  three  cerametallic  stators,  a  cerametallic  backing  plate,  a  cerametallic 
pressure  plate,  and  the  piston  or  actuator  housing.  Figures  3  through  5  show  the  brake  prior 
to  use. 

The  E.W.  Bliss  Company  has  developed  a  sintered  metal  brake  which  consists  of  four 
key-driven  solid  rotors,  three  stators,  a  backing  plate,  and  a  pressure  plate.  See  Figures  6 
through  8.  The  wear  pads  (Figure  8)  are  riveted  to  a  stator  base  plate,  and  the  sintered  brake 
lining  material  is  bonded  to  the  rotors.  The  Bliss  brake  can  be  assembled  into  the  original 
B-52  housing  without  additional  modifications. 

The  BAK-12  aircraft  arrestor,  manufactured  by  the  E.W.  Bliss  Company,  uses  four  B-52 
brake  assemblies  in  the  two  energy  absorbing  machines  (Figure  1).  One  absorber  is  located  on 


Figure  1.  Brake  Assemblies 
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Figure  2.  BAK-12  Portable  Arresting  System 
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Figure  7.  Bliss  Rotor  and  Stator 


Figure  8.  Bliss  Riveted  Wear  Pads  on  Stator 
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each  side  of  the  runway  and  the  absorbers  are  coupled  together  by  a  single  steel  cable  and 
nylon  purchase  tapes.  The  purchase  tape  is  wrapped  on  a  storage  reel  which  is  splined  to 
a  shaft.  Two  B-52  brakes  are  mounted  on  a  bearing  block  supporting  the  shaft,  one  on  each 
side  of  the  storage  reel.  As  an  aircraft  engages  the  cable,  nylon  tape  is  pulled  out  and  the 
brakes  absorb  the  energy  of  the  moving  aircraft. 

The  84-inch  diameter  inertia  brake  test  dynamometer  of  the  Landing  Gear  Test  Facility 
in  the  Air  Force  Flight  Dynamics  Laboratory  was  used  to  conduct  the  tests. 


SECTION  II 
TEST  PROGRAM 


The  brake  torque  program  was  supplied  by  the  E.W.  Bliss  Company.  It  consisted  of  two 
phases.  The  first  phase  was  to  conduct  as  many  simulated  arrestments  on  the  Bendix  brake 
as  could  be  made.  The  test  was  to  be  terminated  when  the  brakes  were  in  a  worn  out  condition 
or  when  erratic  brake  operation  occurred.  The  second  phase  was  to  test  the  Bliss  brake  to 
the  same  conditions  as  the  Bendix  brake. 

Simulated  arrestments  were  conducted  under  laboratory-controlled  conditions.  These 

conditions  were  to  simulate  a  35,000-pound  aircraft  arrestment  into  the  BAK-12  at  150  knots 
£ 

(34.8  x  10  ft-lbs  energy).  Since  there  are  four  brakes  in  the  BAK-12  system  and  only  one 
brake  to  be  tested  on  the  dynamometer,  one-fourth  of  the  total  energy  must  be  absorbed  by 

one  brake  (8.7  x  106  ft-lbs). 
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SECTION  HI 

DESCRIPTION  AND  OPERATION  OF  TEST  EQUIPMENT 
1.  DESCRIPTION 

The  84-inch  diameter  inertia  brake  dynamometer  was  selected  for  the  test  program 
because  of  its  unique  brake  torque  programming  equipment  and  its  adequate  energy  capacity. 

The  brake  torque  programmer  is  a  closed  servoloop  operation  consisting  of  a  torque 
feedback  signal,  flywheel  speed  signal,  brake  pressure  servovalve,  and  a  function  generator. 
The  programmed  torque  (dependent  variable)  versus  flywheel  speed  (independent  variable) 
generates  a  command  signal  to  the  brake  pressure  servovalve.  The  servovalve  then  meters 
the  pressure  to  the  test  brake  as  a  function  of  the  command  signal  to  the  torque  feedback 
signal  that  the  brake  generates  during  an  energy  absorbing  stop.  The  brake  pressure  is, 
therefore,  a  variable  and  is  dependent  upon  speed  and  effective  brake  torque.  The  programmed 
speed  versus  torque  is  shown  in  Figure  9. 


0  100  200  300  400  500  600  700  800  900 

Bra  k<  RPM 


Figure  9.  Programmed  Torque  Versus  Brake  RPM 
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A  conventional  B-52  wheel  and  tire  had  to  be  used  to  test  the  brakes  on  the  inertia  brake 
test  dynamometer.  Figure  10  shows  a  B-52  assembly  loaded  against  the  flywheel.  The  initial 
brake  speed  of  the  BAK-12  was  met  by  the  calculation  of  a  rolling  radius  (RR)  which  was 
accomplished  by  calculating  the  ratio  of  the  flywheel  diameter  to  that  of  the  RR  of  the  tire  and 
then  equating  the  flywheel  weight  to  the  desired  kinetic  energy  level.  Calculations  are  shown 
in  Appendix  I. 


Figure  10.  B-52  Wheel  and  Tire  Assembly  Landed  Against  Flywheel  (Note  RR  24.4  inches) 


2.  OPERATION 

Once  the  dynamometer  is  programmed  to  the  prescribed  test  conditions,  the  sequence  of 
operations  is  semiautomatic.  The  operator  presses  a  button  which  starts  the  operation;  The 
flywheel  is  brought  up  to  the  prescribed  landing  speed  of  512  RPM  (equal  to  882  brake  RPM) 
at  which  time  the  wheel-brake  and  tire  assembly  is  automatically  landed  against  the  rotating 
flywheel.  When  the  prescribed  load  of  40,000pounds  and  the  RR  of  24.4  inches  are  attained,  the 
flywheel  drive  motor  isautomaticallyuncoupledfromtheDC  drive  source  and  the  programmed 
brake  torque  automatically  energizes  the  brake  system.  The  braking  system  then  brings  the 
free  spinning  flywheel  to  a  stop  while  following  the  prescribed  program.  During  the  braking 
cycle  (simulated  arrestment),  the  following  parameters  are  recorded  versus  time:  brake 
pressure,  torque,  flywheel  speed,  'tire  load  and  selected  temperatures.  An  X-Y  recorder 
records  flywheel  speed  versus  brake  torque.  Finally,  a  stop  clock  and  flywheel  revolution 
counter  totalize  the  duration  of  the  braking  cycle. 
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SECTION  IV 
TEST  RESULTS 


1.  BENDIX  BRAKE  1 

The  first  series  of  simulated  arrestments,  with  the  Bendix  brake,  were  plagued  with 
machine  and  operator  difficulties;  however,  much  was  learned  from  this  series  of  tests.  In 

6  ' 

spite  of  the  difficulties,  the  energy  absorption  per  test  run  remained  the  same  (8.7  x  10  ft-lbs). 
However,  the  rate  at  which  the  energy  was  absorbed  deviated  to  a  great  extent  from  the 
programmed  rate;  therefore,  a  comparison  with  the  Bliss  brake  performance  was  practically 
impossible.  Higher  torques  were  recorded  during  some  of  the  tests  due  to  e/cessive  delay  in 
the  brake  pressure  application  and  air  in  the  hydraulic  system. 

The  brake  was  disassembled,  inspected,  and  measured  after  66  brake  simulated  arrest¬ 
ments.  Figures  11  and  12  show  the  condition  of  the  pressure  plate  lining  which  was  the  most 
severely  worn  lining,  after  66  arrestments. 


Figure  11.  Pressure  Plate  Lining  of  Figure  12.  Most  Heavily  Damaged  Brake 

Bendix  Brake  1  After  66  Pad  on  the  Pressure  Plate 

Brake  Arrestments 
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The  preceding  series  of  tests,  conducted  under  laboratory  controlled  conditions,  confirm 
the  results  obtained  during  field  tests  with  actual  aircraft  during  the  first  article  BAK-12 
evaluation.  The  report  FTC-TDR-63-34  November  1963,  Edwards  AFB,  page  34,  clearly 
shows  the  same  “breaking  out”  condition  of  the  brake  pads  after  64  aircraft  engagements. 

The  brake  was  reassembled  and  the  tests  were  continued.  A  faulty  thermocouple  connection 
wrongly  indicated  that  the  brake  was  being  adequately  cooled  in  a  10-minute  interval  after 
each  arrestment.  Due  to  this  faulty  connection,  arrestments  67  through  82  were  conducted  at 
intervals  averaging  16  minutes.  The  16-minute  intervals  varied  from  5  minutes  to  35  minutes. 
The  time  interval  on  the  first  66  arrestments  was  45  minutes.  The  brake  performed  satis¬ 
factorily  during  the  short  interval  cycles. 

After  the  error  was  discovered,  the  tests  were  continued  through  a  total  of  95  tests.  Each 
test  had  a  45-minute  cooling  period.  The  tests  were  terminated  at  this  point  because  of 
pulsating  brake  pressures. 

The  brake  was  disassembled  and  inspected  again.  Figures  13  and  14  show  the  condition  of 
the  pressure  plate  linings  after  95  arrestments.  It  is  interesting  to  note  that  the  deterioration 
of  the  linings  had  not  shown  an  appreciable  increase  from  that  of  the  linings  which  were  taken 
after  66  arrestments  (Figures  11  and  12)  in  spite  of  the  high  cycle  rate  of  arrestments  during 
Runs  67  through  82. 


Figure  13.  Pressure  Plate  Linings  After  95  Simulated  Arrestments 
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Figure  14.  Most  Heavily  Damaged  Lining  on  the  Pressure  Plate  After  95  Arrestments 
(Same  Lining  ae  in  Figure  11) 

The  brake  pressures  recorded  throughout  the  95  arrestments  showed  very  little  change,  in 
value  or  characteristic.  A  typical  test  as  recorded  by  the  X-Y  recorder  is  shown  in  Figure  15. 
The  brake  pressure  curve  was  superimposed  on  the  curve  after  the  arrestment. 
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The  results  of  the  brake  inspections  after  runs  66  and  95  are  given  in  Tables  I  and  II. 
These  tables  include  the  weights  and  measurements  of  the  separate  brake  parts  and  also 
estimates  of  effective  brake-lining  area  lost  by  damage  to  the  cerametallic  material  during 
the  arrestments.  The  estimates  in  Table  I  were  made  by  several  technicians  working  inde¬ 
pendently.  There  appears  to  be  a  discrepancy  in  the  percent  of  area  lost  in  the  backing  plate 
after  66  and  95  arrestments.  This  can  be  accounted  for  by  noting  that,  when  the  material 
chipped  out,  the  remaining  material  tended  to  “flow”  into  the  vacant  space  due  to  the  influence 
of  high  pressures  and  temperatures. 


During  the  inspections  after  the  66th  and  95th  arrestments  it  was  also  noticed  that  many 
of  the  braking  disks  on  the  stators  had  become  loose. 

Figure  16  shows  the  results  of  aprogrammed  constant  torque  test.  This  test  was  conducted 
to  evaluate  the  brake  effectiveness  with  heat  buildup  and  has  torque  characteristics  similar 
to  those  created  during  the  braking  of  a  B-52  aircraft.  The  brake  pressure  remained  fairly 
constant  throughout  the  test,  indicating  that  the  coefficient  of  friction  of  the  lining  remained 
constant  throughout  the  heat  buildup  time.  The  constant  torque  test  also  provided  a  reference 
which  was  used  to  compare  data  received  for  a  similar  type  arrestment  for  the  Bliss  brake. 


TABLE  I 

ESTIMATED  PERCENT  OF  EFFECTIVE  LINING  AREA  LOST 
DUE  TO  CHIPPED  AND  BROKEN  OUT  LINING  MATERIAL 


Lining 

Percent  after 

66  arrestments 

Percent  after 

95  arrestments 
- - - 

Pressure  plate 

15 

18 

Stator  1,  rotor  side  1 

2 

7 

Stator  1,  rotor  side  2 

1 

3 

Stator  2,  rotor  side  2 

7 

7 

Stator  2,  rotor  side  3 

1 

2 

Stator  3,  rotor  side  3 

7 

7 

Stator  3,  rotor  side  4 

1 

I 

Backing  plate 

5 

4 

The  wear  rate,  which  was  determined  from  pin  measurements  at  a  brake  pressure  of 
250  PSI,  can  be  seen  in  Figure  17. 


1  1  1  1  1  1  1  1  1  1  1  1  j  1  -j  1  1 
0  2  0  4  0  60  80  100  120  140  160  180 

Simulatad  Arrestments 


Figure  17.  Wear  Rate  of  Bendix  Brake  1 


2.  BENDIX  BRAKE  2 

After  termination  of  tests  on  the  first  Bendix  brake,  tests  were  begun  on  a  second  brake. 
The  first  32  simulated  arrestments  were  erratic,  noisy,  and  excessive  pulsations  in  the  brake 
pressure  recordings  were  indicated.  The  brake  was  disassembled  and  inspection  revealed 
that  the  Number  3  rotor  had  a  broken  link  and  the  Number  1  rotor  was  warped  (see  Figures  18 
and  19).  The  wear  pattern  on  Rotor  1  indicated  that  the  segments  were  defective  from  the 
start  of  the  test  and  were  probably  due  to  manufacturing  deficiencies. 
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Figure  IS.  Wear  Pattern  of  Rotor  1 

The  brake  was  reassembled,  using  Rotors  1  and  2  from  the  first  Bendix  brake  to  replace 
Rotors  1  and  3.  Using  worn  rotors  as  replacement  parts  did  not  affect  the  brake  operating 
characteristics  because  all  the  data  duplicated  the  valid  data  from  the  first  brake  test. 

This  brake  was  not  inspected  at  66  stops  because  the  information  which  could  be  obtained 
from  such  an  inspection  would  duplicate  the  information  obtained  from  the  first  brake.  It  was 
planned  to  disassemble  the  brake  at  200  stops,  but  the  program  was  terminated  after  166 
simulated  arrestments.  The  test  was  terminated  at  this  point  because  the  specification  for 
relining  the  brake  limits  the  pressure  plate  travel  to  23/32  of  an  inch- (0.718  inch)  and  at 
166  arrestments  the  measured  travel  pressure  plate  travel  was  0.713  inch  at  a  brake  pressure 
of  250  PSI.  The  initial  measurement  was  0.109  inch.  The  average  wear  rate  was  0.0036  inch 
per  arrestment.  See  Figure  20  for  a  measure  of  wear  rate  throughout  the  brake  life. 

The  brake  was  disassembled  and  weights  and  measurements  were  made  (see  Table  III). 


60  60  100  120 
Simulottd  Arrtstmtnl* 


Figure  20.  Wear  Rate  of  Bendix  Brake  2 
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Figure  21.  Backing  Plate  Lining  After  166  Arrestments 


Figure  22.  Closeup  of  Backing  Plate  Linings 
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Figure  23.  Pressure  Plate  Lining  After  Figure  24.  Closeup  of  Pressure  Plate 

166  Arrestments  Lining 


TABLE  IV 

ESTIMATED  PERCENT  OF  EFFECTIVE  LINING 
AREA  LOST  DUE  TO  CHIPPED  OUT  LINING 


Lining 

Percent 
after  166 
arrestments 

Pressure  plate 

17 

Stator  1 

Rotor  side  1 

20 

Stator  1 

Rotor  side  2 

40 

Stator  2 

Rotor  side  2 

12 

Stator  2 

Rotor  side  3 

25 

Stator  3 

Rotor  side  3 

20 

Stator  3 

Rotor  side  4 

12 

Backing  plate 

85 
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The  coefficient  of  friction  throughout  the  brake  life  was  plotted  in  Figure  25.  The  coefficient 
was  determined  from  the  output  torque  and  brake  pressure  at  a  point  2  seconds  after  the 
arrestment  began  (see  Appendix  1-2).  From  past  experience,  the  coefficient  of  friction  is 
known  to  decrease  with  brake  life;  however,  it  only  decreased  up  to  30  arrestments  and  then 
remained  at  a  constant  value.  It  appears  that  the  coefficient  decreased  up  to  the  point  where 
chipping  out  of  the  brake  lining  began.  After  chipping  begins,  a  steel  rim  is  exposed  and 
serves  as  a  steel-on-steel  brake  and  this  type  of  brake  has  a  constant  coefficient  of  friction, 
but  a  steel-on-steel  braking  surface  is  not  an  adequate  brake. 


Figure  25.  Coefficient  of  Friction  for  Bendix  Brake  2 


3.  BLISS  SINTERED  METAL  BRAKE 

After  completion  of  the  Bendix  brake  tests,  tests  were  begun  on  the  E.W.  Bliss  Company 
sintered  metal  brake.  The  test  program  was  identical  to  the  one  used  for  the  Bendix  brakes. 
After  62  and  200  simulated  arrestments,  the  Bliss  brake  was  disassembled  for  inspection  of 
and  comparison  with  the  Bendix  brakes. 

The  brake  appeared  to  be  in  good  condition  after  62  simulated  arrestments.  The  rotor 
linings  had  a  good  glaze  and  very  few  signs  of  chipping  (see  Figure  26).  The  wear  pads  on  the 
stator  showed  signs  of  “dishing.”  “Dishing”  can  be  defined  as  the  turning  up  of  the  edges  of 
the  wear  pads  (see  Figure  27).  This  effect  is  normal  for  wear  pads  that  are  retained  as  are 
the  Bliss  pads;  that  is,  connected  with  two  rivets  at  the  center  of  the  wear  pad.  The  “dish” 
amounted  to  approximately  0.040  inch,  which  means  that  the  wear  pads  will  wear  around  their 
perimeter  or  outer  edges  ( see  Figures  27  and  28)  more  so  than  at  the  center. 

During  the  first  62  simulated  arrestments,  temperatures  were  recorded  from  the  four 
rotors  through  the  use  of  thermocouples  and  slip  rings.  The  peak  temperature  rise  per 
arrestment  was  400°  ±105F.  This  peak  was  reached  within  30  seconds  of  the  brake  application. 
The  thermocouples  were  placed  in  1/16-inch  diameter  by  l-l/4-inch  deep  drilled  holes  in  the 
outer  edge  of  each  rotor.  The  pressure  plate  and  piston  housing  temperatures  were  also 
observed;  the  temperature  rise  on  the  pressure  plate  was  100°  ±10°F  and  the  rise  on  the 
housing  was  10°F.  An  average  of  45  minutes  was  required  to  cool  the  brake  to  190°  ±10°F  which 
was  the  Bliss  recommended  maximum  acceptable  brake  temperature  prior  to  an  arrestment. 
Seven  thousand  CFM  of  air  at  70°F  was  directed  across  the  brake  well  area  as  a  means  of 
cooling  the  brake  assembly.  The  45-minute  cycle  is  required  because  of  the  brake  confinement 
in  the  B-52  wheel. 
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Figure  26.  Bliss  Ector  1  After  62 
Arrestments 


Figure  27.  Dishing  of  Pressure  Plate 
Wear  Pad 


Figure  28.  Wear  Pattern  of  the  Wear  Pads  on  the  Pressure  Plate 
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Torque  (In -lbs  X  100,000} 
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A  typical  test,  as  recorded  by  the  X-Y  recorder,  is  shown  in  Figure  29.  The  brake  pressure 
curve  was  superimposed  after  the  test.  A  constant  torque  test  was  conducted  to  evaluate  the 
brake  effectiveness  with  heat  build-up  and  has  torque  characteristics  similar  to  those  created 
during  the  braking  of  a  B-52  aircraft.  Figure  30  shows  the  results  of  this  test.  An  analysis  of 
*he  brake  pressure  curve  indicates  that  the  lining  coefficient  of  friction  increases  with 

g 

tt  mperature  rise.  This  constant  torque  test  was  at  the  same  energy  level  (8.7  x  10  ft-lbs)  as 
the  other  programmed  variable  torque  stops. 

After  200  simulated  arrestments  the  brake  was  stiP  in  good  condition  with  the  exception 
of  Rotor  4.  This  rotor  was  “dished”  approximately  0.025  inch  across  the  wear  surface  (from 
the  outer  diameter  to  the  inner  diameter).  The  linings  still  had  good  glaze,  but  some  chipping 
was  beginning  to  occur.  Figures  31  and  32  show  Rotors  1  and  4  in  the  most  damaged  area.  Very 
few  changes  had  occurred  since  the  inspection  at  62  stops. 

The  Bliss  brake  tests  continued  until  the  brake  would  net  perform  properly.  The  brake 
torque  showed  a  marked  decrease  during  test  428  and  was  further  verified  during  test  429. 
Therefore,  a  total  of  427  successful  simulated  arrestments  were  made  on  the  Bliss  brake. 
The  pin  measurement  was  0.676  inch  at  a  brake  pressure  of  250  PSI. 


0  100  200  300  400  500  600  700  800  900 


Brok«  RPM 

Figure  29.  Typical  Test  Run  on  Bliss  Brake 
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[gure  30.  Constant  Torque  Data  for  Bliss  Brake 
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The  brake  was  then  disassembled  for  inspection  and  compared  with  the  Bendix  brake. 
Measurements  as  well  as  visual  inspection  revealed  that  the  sintered  material  on  the  rotor 
was  almost  completely  worn  away  (see  Table  V).  There  was  much  dust  which  had  built  up  on 
the  rotor,  and,  when  it  was  cleaned  off,  it  was  evident  that  a  few  more  successful  arrestments 
cculd  be  made.  However,  the  brake  needed  to  be  cleaned  again  within  a  few  arrestments.  Since 
this  procedure  was  not  practical,  the  test  v/as  not  continued. 

Chipping  was  very  noticeable  on  the  rotors,  especially  around  the  relief  slots  (see  Figures 
33  and  34). 

The  rotor  had  a  pronounced  glaze  which  indicates  that  the  coefficient  of  friction  remains 
constant.  A  flaking  out  of  the  wear  pads  caused  a  slight  buildup  of  material  on  the  rotor. 

An  investigation  to  discover  any  other  brake  deficiencies  that  might  have  occurred  v/as 
conducted.  The  relief  slots  were  examined  for  cracks  and  whether  or  not  they  had  increased 
in  width.  Neither  fault  was  found.  Also  the  drive  keys  were  studied  to  see  if  any  noticeable 
battering  or  wear  occurred.  None  was  found. 

Next  the  stators  were  examined.  The  most  recognizable  effect  was  the  cracking  of  some  of 
the  wear  pads  (see  Figure  35).  This  cracking  was  probably  due  to  the  “dishing”  which  causes 
the  wear  pads  to  wear  mostly  at  the  cutter  edges.  When  these  pads  wear  thin  at  the  perimeter, 
they  become  structurally  weak  which  in  turn  causes  the  pads  to  crack  when  brake  pressure  is 
applied. 

“Dishing”  of  the  wear  pads  was  very  pronounced.  This  effect  resulted  in  the  cracks  on 
some  of  the  wear  pads  as  well  as  very  little  wear  actually  occurring  at  the  center  of  the  pads. 
The  uneven  wear  and  '  dishing”  can  be  seen  in  Figures  35  and  36,  respectively. 

The  brake  pad  material  tended  to  “flow”  over  the  pad  edges.  A  combination  of  high 
temperatures  and  high  pressures  caused  this  flowing. 

The  backing  plate  withstood  “dishing”,  wear,  and  flaking  better  than  any  other  brake 
component.  On  the  other  hand  the  pressure  plate  exhibited  the  worst  conditions  of  “dishing”, 
wear,  and  flaking  (see  Figures  37  and  38). 

The  results  of  the  measurements  are  presented  in  Table  V.  Several  of  the  stators  have  an 
increased  thickness.  This  increase  is  due  to  the  “dishing”  of  the  wear  pads.  However,  there 
was  a  considerable  amount  of  wear  as  indicated  by  the  decreases  in  stator  weights. 

Figure  39  indicates  the  wear  rate  for  the  Bliss  brake.  An  average  wear  rate  of  0.00125  inch 
per  arrestment  was  indicated  for  the  Bliss  brake. 

The  coefficient  of  friction  remained  relatively  constant  throughout  the  brake  life  (see 
Figure  40).  The  fluctuations  at  the  beginning  of  the  test  program  were  caused  by  the  “breaking 
in”  of  the  brake.  The  characteristic  of  a  constant  coefficient  of  friction  is  highly  desirable 
because  the  braking  torque  will  not  erratically  change  from  arrestment  to  arrestment. 
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See  Figure  2  for  schematic  sketch  of  breke. 

Backing  plate  lining  not  measured  because  of  housing  configuration. 


.kWt^MLr^ 


Figure  39,  Wear  Rate  of  Bliss  Brake 
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SECTION  V 
CONCLUSIONS 


The  Bendix  brake  performed  166  simulated  arrestments  and  the  Bliss  brake  successfully 
completed  427  arrestments.  The  Bliss  brake  has  a  much  smoother  operation  than  the  Bendix 
brake  and  is  more  suitable  to  the  EAK-12  applications. 

The  “dishing”  of  the  rotor  and  wear  pads  in  the  Bliss  brake  probably  would  not  be  as 
pronounced  in  actual  application  of  the  BAK-12  energy  absorber,  because  brake  pressure  is 
maintained  all  the  time  so  that  tension  cnn  be  maintained  on  the  cable  while  the  system  is  at 
standby. 

A  comparison  of  wear  rates  for  'the  Bliss  brake  and  the  Bendix  brake,  illustrated  in 
Figure  41,  indicates  that  the  sintered  metal  brake  has  2  1/2  times  as  much  life  as  the 
cerametallic  brake. 

The  coefficient  of  friction  for  the.  Bendix  brake  decreases  until  the  brake  pucks  begin 
chipping  out  and  the  Bliss  brake  coefficient  remains  relatively  constant  after  the  brake  was 
broken  in. 


Figure  41.  Wear  Bate  for  Bendix  and  Bliss  Brakes 
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SECTION  VI 
RECOMMENDATIONS 


Based  on  efficiency,  reliability,  and  life  expectancy,  the  Bliss  brake  should  be  incorporated 
into  the  BAK-12  energy  absorber. 

The  Bliss  brake  should  be  tested  to  the  B-52  aircraft  test  conditions  and  evaluated  for 
capability  and  reliability  in  this  application.  If  the  brake  is  tested  in  this  application,  the 
backing  plate  should  be  made  of  less  weight  and  more  flexible  so  that  it  can  deflect  with 
brake  pressure.  This  should  alleviate  the  tendency  to  “dish”  and  also  decrease  the  uneven 
wear  of  the  lining  materials.  However,  the  design  of  the  backing  plate  must  be  carefully 
considered  to  insure  a  rigid  construction.  If  the  backing  plate  is  allowed  to  bend  under  the 
normal  load  created  by  the  brake  pressure,  the  effective  torque  radius  will  change  and  affect 
brake  performance.  In  turn  thebackingplate  and  adjacent  rubbing  surfaces  will  wear  unevenly. 
This  is  evident  from  the  severe  damage  to  the  backing  plate  of  the  Bendix  brake. 

The  Bliss  backing  plate  is  of  a  much  stiffer  design  to  resist  arresting  gear  application 
normal  forces,  which  are  much  higher  than  B-52  application  normal  forces. 

If  it  is  decided  to  use  the  Bliss  brake  on  the  BAK-12,  the  brake  linings  should  be  replaced 
after  a  pin  measurement  0.650  inch  has  been  reached.  This  figure  is  somewhat  lower  than  that 
which  was  actually  measured  in  order  to  incorporate  a  factor  of  safety  into  the  measurements. 
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APPENDIX  I 

CALCULATIONS  FOR  TEST  PROGRAM 


1.  BRAKE  TEST  CALCULATIONS 


Definitions 


KE  =  kinetic  energy 

IE  =  inertia  equivalent  (weight  at  periphery  of  flywheel) 

V  ^  velocity  (FPS) 

A 

RPM  =  revolutions  per  minute 
A 

RPS  =  revolutions  per  second 

F  =■  force  at  periphery  of  flywheel 

RR  ^  rolling  radius  (loaded  tire  measurement  from  center  of  axle  to  ground) 


Desired  Conditions 

KE  =  8.7  x  106  ft-lbs 
Initial  brake  RPM  =  882  or  14.7  RPS 
RR  =  24.2  inches 

24  2 

Effective  circumference  =ir  xD  =  3.14  x  2  x— 
Effective  circumference  =  12.7  feet 
Flywheel  surface  speed  =  circumference  x  RPS 
Flywheel  surface  speed  =  12.7  ft  x  14,7  RPS 
Flywheel  surface  speed  =  187  FPS  =  509  RPM 


KE 

IE 

IE 


Calculations 


IE 

2g 


X  v 


.  64.4  X  KE  .  64.4  X  8.7  XjQu 


187 


=  16,000  lbs 
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The  84-inch  flywheel,  with  X  plates  on  the  east  side  and  9  plates  on  the  west  side,  has  an 
IE  of  15,901  pounds  which  is  slightly  less  than  the  desired  IE  to  compensate  for  this,  the  RR 
was  changed.  The  new  RR  was  determined  by  the  following  method: 


/  64.  4 
‘  V  IE 


4  KE 


V  = 


64.4X8.7  X  10 


=  187.7  FPS 


15,901 


V  =  512  RPM  of  flywheel 

The  RR  must  be  corrected  for  the  proper  RPM. 

flywheel  surface  speed 


Tire  circumference  = 


7r  X  2  XRR 

RR 


bra  ke  RPS 

187.7  FPS  X  12  inch/ft 


14.7  RPS 
*  24.4  inches 


The  inflation  pressure  of  the  tire  was  adjusted  to  a  rolling  radius  of  24.4  inches  at  a  tire 
load  of  40,000  pounds. 


2.  COEFFICIENT  OF  FRICTION  CALCULATION 

Basic  Equation 

F  =  fiH 


Definitions 

F  =  pulling  force  (pounds) 

/ i  =  coefficient  of  friction  (dimensionless) 

N  =  normal  force  on  the  brake  (pounds) 


The  pulling  force  (F)  is  determined  by  dividing  the  brake  torque  (T)  by  the  distance  from 
the  brake  center  to  the  wear  pads  (R).  The  force  (F)  is  then  divided  by  eight  because  there  are 
eight  braking  surfaces. 

The  normal  force  (N)  is  found  by  multiplying  the  brake  pressure  (P)  by  the  total  piston 
area  (A). 
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Given  Data  for  Run  50 

Radius  =  10.1  inches 

Twelve  pistons  with  a  diameter  =  1.375  inches 

3 

Brake  pressure  =  1. 25  x  10  PSI 
Brake  torque  =  3. 0  x  10°  inch-lbs 


A  =  12  X  3L  x  D2  =  12  X  -J-  X  { I.375)2 
A  =  17.8  in2 


F 


3.0  X  IQ5  in- lbs 
10.  I  in  x  8 


3.71  X  !03  lbs 


N  =  1.25  X  I03  PSI  X  17.8  =  2.22  10*  lbs 

_F  _  3,71  X  IQ3  lbs 
^  "  N  2.22  X  K)4  lbs 


fJL  -0.167 
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APPENDIX  H 

SUMMARY  OF  BRAKE  TEST  DATA 
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